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Abstract 

In this paper, we propose a mathematical model for the interaction between Cassava (Manihot esculenta) and Yam 

(Dioscorea spp.) biomass using a system of non-linear ordinary differential equations (ODEs). The mathematical 

analysis of the uniqueness, local and global stability of the model was investigated. Additionally, a computationally 

efficient numerical method for solving ordinary differential equations of order 45 (ODE45) was used to simulate the 

biomass of Cassava and Yam, considering variations in the growth rate parameters. It was discovered that decreasing 

the growth rates of Cassava from 10 percent to 99 percent results in biodiversity loss. In contrast, when the growth 

rates were increased from 101 percent to 120 percent, the results changed from biodiversity loss to biodiversity gain.  
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Introduction 

In recent years, some mathematical concepts have been extensively applied by researchers to model problems arising 

in different fields such as Biology, Agriculture, control theory, and fluid dynamics; and this is often achieved by 

transforming these problems into a system of ordinary differential equations. The study of population dynamics has 

become of great interest lately, this is due to the fact that it provides solutions to visible problems affecting life and 

existence. Different mathematical models have been developed by researchers (Iweobodo et al., 2024; Li et al., 2017; 

Abanum & Oke, 2019). Among all the models, Ecological resources play a vital role in population dynamics. Hence, 

many researchers in Mathematical Biology and Ecological Modelling propose different models in ecological resources 

interaction (Agyemang & Freedman, 2009; Agyemang et al., 2007; Abanum et al., 2020; Abanum & Eli, 2022; 

Donatelli et al., 2017; Mittelbach, 2012; Morin, 2002, Vandermeer & Goldberg, 2013; Imoni et al., 2019; Lanlege & 

Imoni, 2018; Eli & Abanum, 2020). Others are- the impact of diseases and pests on Agricultural systems (Donatelli et 

al., 2017; Wang. 2008), and the interaction between predator-prey (Liu, 2010). 

 

Quinn et al. (2013) studied the biodiversity and ecosystem on a farm using the farm scale method, and the results 

exhibited a convenient and good evaluation capable of helping farmers in making good decisions relating to 

biodiversity management and ecological reasoning. Antle and Valdivia (2006) worked on the modeling of agricultural 

ecosystem services, a minimum-data approach was used to analyze the supply of ecosystem services. The method was 

applied to simulate the supply of carbon that could be segregated in soils and grain-producing regions in dry. Eleki 

and Ekaka-a (2019) studied the biodiversity scenario on ecospheric assets, they considered a method of semi-stochastic 

analysis in checking the effect of variation of the per-asset degradation rate coefficient of ecospheric assets, and they 

were able to predict the level of biodiversity. In a similar research, Eleki and Ekakaa (2019) applied an ordinary 

differential equation of order 45 (ODE45) numerical simulation to predict the biomass of the ecosphere. The study 

predicts that the smaller the per-asset degradation coefficient of the ecospheric asset, the bigger the opportunity of 

getting a good biodiversity gain. Abanum et al. (2024) worked on the computational and mathematical modeling of 

agricultural assets, a method of ordinary differential equation of order 45 was considered to predict the extent of 
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biodiversity loss and gain due to the variation of the inter-competitive growth rate coefficients of normal agriculture. 

In this paper, we proposed a model for the interaction between cassava biomass, yam biomass, and ecospheric assets. 

The aim is to investigate the effect of varying the growth rate coefficients of cassava and yam, and then investigate 

the conditions for local stability, global stability, and its uniqueness. 

Materials and Methods  

Model Assumptions 

We consider the following assumptions in modelling the interaction between cassava and yam ecosystems. 

(i) The growth of cassava biomass over time depends on the interaction between cassava and yam, providing 

and impacting factors called the inter-competitive coefficient of cassava.  

(ii) The growth of cassava depends on self-interaction and the ecosystem. 

(iii) The growth of cassava biomass over time depends on the interaction between cassava and yam and itself, and 

the interaction with the ecosphere.  

(iv) The growth of cassava and yam hurts the ecosphere and it may cause cassava and yam a lot to replenish the 

ecosphere.  

(v) The growth of the ecospheric assets depends mostly on the interaction between the ecospheric asset and 

itself; it depends between cassava and yam and the rate of effort input to restore the ecosphere by cassava 

and yam. 

(vi) The growth of cassava and yam wholly depends on the growth rates of cassava and yam.  

 

Mathematical Formulation 

 In this section, we consider the following 

   
𝑑𝑥

𝑑𝑡
= 𝛼1𝑥 − 𝛽1𝑥

2 − 𝛾1𝑥𝑦 − 𝜌𝑥𝑧        (1) 

   
𝑑𝑦

𝑑𝑡
= 𝛼2𝑦 − 𝛽2𝑦

2 − 𝛾2𝑥𝑦 − 𝜌𝑦𝑧                   (2) 

   
𝑑𝑧

𝑑𝑡
= 𝑟(1 − 𝑧)𝑧 − 𝛾3(𝑥 + 𝑦)𝑧 −  𝜃(𝑥 + 𝑦)𝑧       (3) 

 

With initial condition 𝑥0 = 𝑥(0) ≥ 0, 𝑦0 = 𝑦(0) ≥ 0 𝑎𝑛𝑑 𝑧0 = 𝑧(0) ≥ 0, 0 ≤ 𝑧 ≤ 1, where all the parameters are 

assumed to be positive constant. 

𝑥(𝑡) denotes the biomass of cassava. 

𝑦(𝑡) denotes the biomass of yam. 

𝑧(𝑡) denotes the ecosphere. 

𝛼1 and 𝛼2 denotes the growth rate of cassava and yam  

𝛽1 and 𝛽2 denotes the intra-competitive coefficients of cassava and yam. 

𝛾1 and 𝛾2 denotes the inter-competitive coefficients of caType equation here.ssava and yam. 

𝜌 represents the net cost rate of cassava and yam to restore the ecosphere. 

𝜃 is the input rate of effort to restore the ecosphere by cassava and yam. 

𝛾3 is the per asset degradation rate coefficient of the ecosphere due to cassava and yam production activities. 

𝑟 is the natural restoration rate coefficient for the ecosphere.  

 

Equilibrium Analysis 
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dx

dt
=
dy

dt
=
dz

dt
= 0 

Therefore, 

 𝛼1𝑥 − 𝛽1𝑥
2 − 𝛾1𝑥𝑦 − 𝜌𝑥𝑧 = 0 

 𝛼2𝑦 − 𝛽2𝑦
2 − 𝛾2𝑥𝑦 − 𝜌𝑦𝑧 = 0         (4) 

 𝑟(1 − 𝑧)𝑧 − 𝛾3(𝑥 + 𝑦)𝑧 +𝜃𝑥𝑧 + 𝜃𝑦𝑧 = 0 

Let 𝐺(𝑥, 𝑦, 𝑧) be the interacting equilibrium point function. Given 𝑥 = 𝑦 = 𝑧 = 0, substitute (4)-(6), we have 𝐺(0,0,0) 

which is an equilibrium and (0,0,0) is a trival steady state. 

When   
dx

dt
= 0, 𝑥 ≠ 0, 𝑦 = 0, 𝑧 = 0 

Substitute into equation (4) 

𝛼1𝑥 − 𝛽1𝑥
2 − 𝛾1𝑥(0) − 𝜌𝑥( 0) = 0        

 𝛼1𝑥 − 𝛽1𝑥
2  = 0          (5) 

 𝑥(𝛼1 − 𝛽1𝑥)  = 0 

Since 𝑥 ≠ 0, we have 𝑥 =
𝛼1

𝛽1𝑐
        (6) 

Then 𝐺1(𝑥, 0,0)  is a steady-state solution in which y and z are extinct. 

When  

 
dy

dt
= 0, 𝑦 ≠ 0, 𝑥 = 𝑧 = 0, Substituting in (5), 

𝑦 =
𝛼2

𝛽2
           (7) 

Then 𝐺2(0, 𝑦, 𝑧) is a steady state in which 𝑥 𝑎𝑛𝑑 𝑧 are extinct  

Consider  

dz

dt
= 0, 𝑧 ≠ 0, 𝑥 = 𝑦 = 0, 𝑧 = 1.        (8) 

Therefore, 𝐺3(0,0, 𝑧) is also a steady-state solution where only z survives.  

Consider the non-negative dimensional equilibrium  

 𝐺𝑥𝑧(𝑥, 0,1), 𝑥 ≠ 0, 𝑧 ≠ 0, 𝑦 = 0. 

Substituting into (4),  

 𝑥 =
𝛼1−𝜌1

𝛽1
          (9) 

 𝐺𝑥𝑦(𝑥, 𝑦, 0), 𝑥 ≠ 0, 𝑦 ≠ 0, 𝑧 = 0. 

Substituting into (4),    

      𝛼1𝑥 − 𝛽1𝑥
2 − 𝛾1𝑥𝑦 = 0 

 𝑥(𝛼1 − 𝛽1𝑥 − 𝛾1𝑦)  = 0 

Since 𝑥 ≠ 0, we have  
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 𝛼1 − 𝛽1 − 𝛾1𝑦 = 0 

𝑥 =
𝛼1−𝛾1𝑦

𝛽1
           (10) 

Substituting (10) into (5) gives 

 (𝛾1 − 𝛽1𝛽2)𝑦
2 + (𝛼2𝛽1 − 𝛾2 − 𝛾1𝛽1)𝑦 − 𝜌𝛼1𝛽1 = 0 

Considering the standard form of the equation, 

𝑎 = 𝛾1 − 𝛽1𝛽2 

𝑏 = 𝛼2𝛽1 − 𝛾2 − 𝛾1𝛽1 

𝑐 = 𝜌𝛼1𝛽1 

Substituting into  

−𝑏 ± 
√𝑏2−4𝑎𝑐

2𝑎
          (11) 

Uniqueness of Steady-State Solution 

Theorem 2.1 

A function 𝑓(𝑡, 𝑦) is Lipschitz in 𝑥 on a set ℜ with Lipschitz constant 𝑘 if  

|𝑓(𝑡, 𝑦1) − 𝑓(𝑡, 𝑦2)| ≤ 𝑘|𝑦1 − 𝑦2| 

For all 𝑓(𝑡, 𝑦1) and 𝑓(𝑡, 𝑦2) in ℜ.  A unique continuous vector solution 𝑦(𝑡) of the model in the interval 𝑡 − 𝑡0 ≤ 𝛿 

exists such that 𝛿 > 0. 

Proof: 

The set ℜ denote the region 0 ≤ 𝛿 ≤ ℜ, to prove the uniqueness of the steady-state solution of (1)-(3), we have to show 

that the partial derivatives of (1)-(3) are continuous and bounded in the region ℜ. Assume  

𝐴1 = 𝛼1𝑥 − 𝛽1𝑥
2 − 𝛾1𝑥𝑦 − 𝜌𝑥𝑧               (12) 

𝐴2 = 𝛼2𝑦 − 𝛽2𝑦
2 − 𝛾2𝑥𝑦 − 𝜌𝑦𝑧            (13) 

𝐴3 =  𝑟(1 − 𝑧)𝑧 − 𝛾3(𝑥 + 𝑦)𝑧 +𝜃𝑥𝑧 + 𝜃𝑦𝑧                            (14) 

Taking the partial derivatives of (12)-(14) yield  

 |
𝜕𝐴1

𝜕𝑥
| =  |𝛼 − 2𝛽1 − 𝛾1𝑦 − 𝜌𝑧| < ∞ 

         |
𝜕𝐴1

𝜕𝑦
| = |−𝛾1𝑥| < ∞ 

         |
𝜕𝐴1

𝜕𝑧
| =  |−𝜌𝑥| < ∞ 

         |
𝜕𝐴2

𝜕𝑥
| =  |−𝛾2𝑦| < ∞ 
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         |
𝜕𝐴2

𝜕𝑦
| =  |𝛼2 − 2𝛽2𝑦 − 𝛾2𝑥 − 𝜌𝑧| < ∞ 

         |
𝜕𝐴2

𝜕𝑥
| =  |−𝜌2𝑦| < ∞ 

 |
𝜕𝐴3

𝜕𝑥
| = |−𝛾3𝑧 + 𝜃𝑧| < ∞ 

 |
𝜕𝐴3

𝜕𝑦
| = |−𝛾3𝑧 + 𝜃𝑧| < ∞ 

 |
𝜕𝐴3

𝜕𝑧
| = |𝑟 − 2𝑟𝑧 − 𝛾3𝑥 − 𝛾𝑦 + 𝜃𝑥 + 𝜃𝑦| < ∞ 

It shows clearly that the partial derivatives of (1)-(3) are finite, exist and bounded.  

Therefore, the model (1)-(3) has a unique solution.  

Optimal Stabilisation 

To check the various steady states of (1)-(3), we have to obtain the variational matrix by differentiating each function 

concerning 𝑥, 𝑦, 𝑧.  we have  

 𝑉 = (

𝐽11 𝐽12 𝐽13
𝐽21 𝐽22 𝐽23
𝐽31 𝐽32 𝐽33

) 

 = (

𝐽11 −𝛾1𝑥 −𝜌𝑥
−𝛾2𝑦 𝐽22 −𝜌𝑦
−𝛾3𝑧 −𝛾3𝑧 + 𝜃𝑧 𝐽33

) 

Where 

  𝐽11 = 𝛼1 − 2𝛽1𝑥 − 𝛾1𝑦 − 𝜌𝑧 

 𝐽22 = 𝛼2 − 2𝛽2𝑦 − 𝛾2𝑥 − 𝜌𝑧 

 𝐽33 = 𝑟 − 2𝑟𝑧 − 𝛾3𝑥 − 𝛾3𝑦 + 𝜃𝑥 + 𝜃𝑦 

Given the characteristics equation 

  |𝐽 − 𝜆𝐼|                                           (15) 

Applying the ODE 45 numerical method where I is the identity matrix of order 3 x 3, and d is the scalar. We obtain the 

eigen values using Matlab ODE 45.    

𝜆1 = 𝜆2 𝑎𝑛𝑑 𝜆3.  

Where the possible solid state is the point (𝑥, 𝑦, 𝑧) = (0,0,0) 

𝑉 =  (
3 0 0
0 3 1
0 0 2

) 

  𝜆1 = 3, 𝜆2 = 3, 𝑎𝑛𝑑 𝜆3 = 2. 

Local and Global Stability Analysis of (1) – (3)  

Local Stability Analysis of 𝐺0(0,0,0) 

The variational matrix 𝑣 about the equilibrium 𝐺0 is given by 
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 𝑉 = (
𝛼1 0 0
0 𝛼2 1
0 0 𝑟

)          (16) 

The eigenvalues of 𝐺0 are given by 𝛼1, 𝛼2 and 𝑟. This equilibrium is unstable since the eigenvalues are all positive.  

Lemma 1 

The equilibrium 𝐺0 is non-hyperbolic and locally unstable.  

Local stability Analysis of  𝐺𝑧(0,0,1) 

The variational matrix 𝑣 about the equilibrium 𝐺𝑧 is given by  

𝑉𝐺𝑧 = (

𝛼1 − 𝜌 0 0
0 𝛼2 − 𝜌 0

−𝛾3 + 𝜃 −𝛾3 + 𝜃 𝑟 − 2𝑟
) 

The eigenvalues of 𝑉𝐺𝑧 are given by 𝛼1 − 𝜌, 𝛼2 −𝑟ℎ𝑜  𝑎𝑛𝑑 𝑟 − 2𝑟. 

Lemma 2 

The equilibrium 𝐹𝑧 is locally asymptotically stable if  

 𝜆1 = 𝛼1 − 𝜌 < 0 𝑎𝑛𝑑   𝜆2 = 𝛼2 − 𝜌 < 0 . 

Lemma 3 

The equilibrium 𝐺𝑧 is a hyperbolic saddle point if either  

𝛼1 − 𝜌 > 0  or 𝛼2 − 𝜌 > 0. 

Local Stability Analysis of 𝐺𝑧(
𝛼1

𝛽1
, 0,1) 

The variational matrix about 𝐺𝑥𝑧  is given by  

𝑉𝐹𝑥𝑧 =

(

 
 
 

−𝛼1 − 𝜌
−𝛾1𝛼1
𝛽1

−𝛾1𝛼

𝛽1

0
𝛼2 − 𝛾1𝛼1 − 𝜌

𝛽1
0

−𝛾3 + 𝜃 −𝛾3 + 𝜃 𝑟 − 2𝑟 −
𝛾3𝛼1
𝛽1

+
𝜃𝛼1
𝛽1 )

 
 
 

 

The eigenvalues of 𝑉𝐺𝑥𝑧 are −𝛼1 − 𝜌,     
𝛼2−𝛾1𝛼1−𝜌

𝛽1
  and   𝑟 − 2𝑟 −

𝛾3𝛼1

𝛽1
+
𝜃𝛼1

𝛽1
  

Lemma 4 

The equilibrium 𝐺𝑥𝑧  is locally asymptotically stable if 𝛼2𝛽1 − 𝛾2𝛽1 − 𝛽1𝜌 < 0 and a hyperbolic saddle point if  

   𝛼2𝛽1 − 𝛾2𝛽1 − 𝛽1𝜌 < 0  

And a hyperbolic saddle point if  

𝛼2𝛽1 − 𝛾2𝛽1 − 𝛽1𝜌 > 0  

Repelling in the direction of y.  

Local Stability Analysis of 𝐺𝑦𝑧 (0,
𝛼2

𝛽2
 )  
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𝑉𝐺𝑦𝑧 =

(

 
 
 

𝛼1 −
𝛾1𝛼2
𝛽2

− 𝜌 0 −𝜌

−𝛾2𝛼2
𝛽2

𝛼2 − 2
𝛾2𝛼2
𝛽2

− 𝜌 −𝜌

−𝛾3 + 𝜃 𝛾3 + 𝜃 𝑟 − 2𝑟 −
𝛾2𝛼2
𝛽2

+
𝜃𝛼2
𝛽2 )

 
 
 

 

 

Lemma 5 

The equilibrium 𝐺𝑦𝑧 is locally asymptotically stable if 

 𝛼1𝛽2 − 𝛾1𝛽2 − 𝛽2𝜌 < 0  

and a hyperbolic saddle point if 

    𝛼1𝛽2 − 𝛾1𝛼2 − 𝛽2𝜌 > 0  

Repelling in the direction of 𝑥.  

 

 

Results and Discussion  

Model parameters and Meanings  

Table 1:   Parameters in Model  (1) –(3), values and their meanings  

Parameter Meaning Value  

𝛼1 Growth rate of cassava 3 assumed 

𝛼2 Growth rate of the yam 3 assumed 

𝛽1 Intra-competitive coefficient of 

cassava 

0.2 assumed 

𝛽2 Intra-competitive coefficient of 

yam 

0.2 assumed 

𝛾1 Inter-competitive coefficient of 

cassava 

0.1 assumed 

𝛾2 Inter-competitive coefficient of 

yam 

0.1 assumed 

𝜌 Net cost rate of cassava and yam 

to restore the ecosphere 

0.25 assumed 

θ Input rate of effort to restore the 

ecosphere by cassava and yam 

1 assumed 

𝛾3 Per asset degradation rate 

coefficient of the ecosphere due 

to cassava and yam production 

0.1 assumed 

𝑟 Natural restoration rate 

coefficient for the ecosphere. 

2 assumed 

 

Numerical Simulation 
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Table 2: Quantifying the effect of decreasing 𝛼1 and 𝛼2 by 20% on the yield of cassava and yam using the ODE45 

numerical method. 

x (old) x (new) EBL y(old) y(new) EBL 

2.0000 2.0000 0 3.0000 3.0000 0 

9.2204 1.6934 81.6340 9.2293 1.8835 79.5922 

9.2248 1.7556 80.9691 9.2248 1.8100 80.3791 

9.2247 1.7751 80.7572 9.2247 1.7907 80.5877 

9.2249 1.7807 80.6968 9.2249 1.7852 80.6482 

9.2248 1.7823 80.6793 9.2248 1.7836 80.6654 

9.2248 1.7828 80.6742 9.2248 1.7831 80.6702 

9.2248 1.7829 80.6729 9.2248 1.7830 80.6717 

9.2248 1.7829 80.6724 9.2248 1.7830 80.6721 

9.2248 1.7829 80.6722 9.2248 1.7830 80.6721 

9.2248 1.7829 80.6723 9.2248 1.7829 80.6723 

9.2248 1.7829 80.6724 9.2248 1.7829 80.6724 

9.2248 1.7829 80.6723 9.2248 1.7829 80.6723 

9.2248 1.7829 80.6723 9.2248 1.7829 80.6723 

9.2248 1.7830 80.6723 9.2248 1.7830 80.6723 

9.2248 1.7830 80.6721 9.2248 1.7830 80.6721 

9.2248 1.7830 80.6721 9.2248 1.7830 80.6721 

 

Table 3: Quantifying the effect of decreasing 𝛼1 and 𝛼2 by 30% on the yield of cassava and yam using the ODE45 

numerical method.888888 

x (old) x (new) EBL y(old) y(new) EBL 

2.0000 2.0000 0 3.0000 3.0000 0 

9.2204 3.5765 61.2111 9.2293 3.7077 59.8270 

9.2248 3.6383 60.5598 9.2248 3.6485 60.4488 

9.2247 3.6430 60.5081 9.2247 3.6438 60.4995 

9.2249 3.6433 60.5051 9.2249 3.6434 60.5045 

9.2248 3.6434 60.5044 9.2248 3.6434 60.5043 

9.2248 3.6434 60.5042 9.2248 3.6434 60.5042 

9.2248 3.6434 60.5043 9.2248 3.6434 60.5043 

9.2248 3.6434 60.5041 9.2248 3.6434 60.5041 

9.2248 3.6434 60.5041 9.2248 3.6434 60.5041 

9.2248 3.6434 60.5043 9.2248 3.6434 60.5043 

9.2248 3.6434 60.5046 9.2248 3.6434 60.5046 

9.2248 3.6434 60.5039 9.2248 3.6434 60.5039 

9.2248 3.6434 60.5039 9.2248 3.6434 60.5039 
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9.2248 3.6434 60.5042 9.2248 3.6434 60.5042 

9.2248 3.6434 60.5041 9.2248 3.6434 60.5041 

9.2248 3.6434 60.5047 9.2248 3.6434 60.5047 

9.2248 3.6434 60.5041 9.2248 3.6434 60.5041 

 

 

 

 

 

 

 

 

 

 

Table 4: Quantifying the effect of decreasing 𝛼1 and 𝛼2 by 50% on the yield of cassava and yam using the ODE45 

numerical method 

x (old) x (new) EBL y(old) 𝑦(new) EBL 

2.0000 2.0000 0 3.0000 3.0000 0 

9.2204 4.5271 50.9012 9.2293 4.6192 49.9503 

9.2248 4.5717 50.4409 9.2248 4.5755 50.4003 

9.2247 4.5736 50.4206 9.2247 4.5737 50.4189 

9.2249 4.5736 50.4206 9.2249 4.5736 50.4205 

9.2248 4.5736 50.4204 9.2248 4.5736 50.4204 

9.2248 4.5736 50.4201 9.2248 4.5736 50.4201 

9.2248 4.5737 50.4201 9.2248 4.5737 50.4201 

9.2248 4.5737 50.4200 9.2248 4.5737 50.4200 

9.2248 4.5736 50.4206 9.2248 4.5736 50.4206 

9.2248 4.5737 50.4201 9.2248 4.5737 50.4201 

9.2248 4.5736 50.4203 9.2248 4.5736 50.4203 

9.2248 4.5736 50.4202 9.2248 4.5736 50.4202 

9.2248 4.5736 50.4202 9.2248 4.5736 50.4202 

9.2248 4.5737 50.4199 9.2248 4.5737 50.4199 

9.2248 4.5737 50.4198 9.2248 4.5737 50.4198 

9.2248 4.5736 50.4208 9.2248 4.5736 50.4208 

9.2248 4.5737 50.4200 9.2248 4.5737 50.4200 

9.2248 1.5736 50.4201 9.2248 4.5736 50.4201 
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Table 5: Quantifying the effect of decreasing 𝛼1 and 𝛼2 by 90% on the yield of cassava and yam using the ODE45 

numerical method 

x (old) x (new) EBL y(old) 𝑦(new) EBL 

2.0000 2.0000 0 3.0000 3.0000 0 

9.2204 8.2872 10.1216 9.2293 8.3020 10.0475 

9.2248 8.2946 10.0838 9.2248 8.2946 10.0835 

9.2247 8.2946 10.0835 9.2247 8.2946 10.0835 

9.2249 8.2946 10.0849 9.2249 8.2946 10.0849 

9.2248 8.2946 10.0844 9.2248 8.2946 10.0844 

9.2248 8.2946 10.0838 9.2248 8.2946 10.0838 

9.2248 8.2946 10.0846 9.2248 8.2946 10.0846 

9.2248 8.2946 10.0842 9.2248 8.2946 10.0842 

9.2248 8.2946 10.0836 9.2248 8.2946 10.0836 

9.2248 8.2946 10.0843 9.2248 8.2946 10.0843 

9.2248 8.2945 10.0845 9.2248 8.2945 10.0845 

9.2248 8.2945 10.0845 9.2248 8.2945 10.0845 

9.2248 8.2946 10.0839 9.2248 8.2946 10.0839 

9.2248 8.2946 10.0836 9.2248 8.2946 10.0836 

9.2248 8.2946 10.0836 9.2248 8.2946 10.0836 

9.2248 8.2945 10.0844 9.2248 8.2945 10.0844 

9.2248 8.2945 10.0851 9.2248 8.2945 10.0851 

9.2248 8.2946 10.0836 9.2248 8.2946 10.0836 

 

 

 

Table 6: Quantifying the effect of decreasing 𝛼1 and 𝛼2 by 99% on the yield of cassava and yam using the ODE45 

numerical method 

x (old) x (new) EBL y(old) 𝑦(new) EBL 

2.0000 2.0000 0 3.0000 3.0000 0 

9.2204 9.1271 1.0124 9.2293 9.1364 1.0063 

9.2248 9.1318 1.0079 9.2248 9.1318 1.0079 

9.2247 9.1318 1.0071 9.2247 9.1318 1.0071 

9.2249 9.1317 1.0096 9.2249 9.1317 1.0096 

9.2248 9.1318 1.0088 9.2248 9.1318 1.0088 

9.2248 9.1319 1.0068 9.2248 9.1319 1.0068 

9.2248 9.1317 1.0095 9.2248 9.1317 1.0095 

9.2248 9.1317 1.0093 9.2248 9.1317 1.0093 

9.2248 9.1319 1.0072 9.2248 9.1319 1.0072 

9.2248 9.1317 1.0093 9.2248 9.1317 1.0093 

9.2248 9.1317 1.0093 9.2248 9.1317 1.0093 

9.2248 9.1318 1.0075 9.2248 9.1318 1.0095 

9.2248 9.1317 1.0091 9.2248 9.1317 1.0091 

9.2248 9.1317 1.0091 9.2248 9.1317 1.0091 

9.2248 9.1318 1.0078 9.2248 9.1318 1.0078 

9.2248 9.1317 1.0088 9.2248 9.1317 1.0088 

9.2248 9.1317 1.0089 9.2248 9.1317 1.0089 

9.2248 9.1318 1.0079 9.2248 9.1318 1.0079 
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Table 7: Quantifying the effect of decreasing 𝛼1 and 𝛼2 by 101% on the yield of cassava and yam using the ODE45 

numerical method 

x (old) x (new) EBL y(old) 𝑦(new) EBL 

2.0000 2.0000 0 3.0000 3.0000 0 

9.2204 9.3136 1.0101 9.2293 9.3220 1.0042 

9.2248 9.3178 1.0080 9.2248 9.3178 1.0079 

9.2247 9.3178 1.0088 9.2247 9.3178 1.0088 

9.2249 9.3178 1.0075 9.2249 9.3178 1.0075 

9.2248 9.3178 1.0080 9.2248 9.3178 1.0080 

9.2248 9.3178 1.0086 9.2248 9.3178 1.0086 

9.2248 9.3178 1.0077 9.2248 9.3178 1.0077 

9.2248 9.3178 1.0076 9.2248 9.3178 1.0076 

9.2248 9.3177 1.0077 9.2248 9.3177 1.0077 

9.2248 9.3177 1.0070 9.2248 9.3177 1.0070 

9.2248 9.3177 1.0071 9.2248 9.3177 1.0071 

9.2248 9.3178 1.0079 9.2248 9.3178 1.0079 

9.2248 9.3178 1.0080 9.2248 9.3178 1.0080 

9.2248 9.3178 1.0080 9.2248 9.3178 1.0080 

9.2248 9.3178 1.0085 9.2248 9.3178 1.0085 

9.2248 9.3178 1.0083 9.2248 9.3178 1.0083 

9.2248 9.3178 1.0082 9.2248 9.3178 1.0082 

9.2248 9.3178 1.0085 9.2248 9.3178 1.0085 

 

 

 

Table 8: Quantifying the effect of decreasing 𝛼1 and 𝛼2 by 110% on the yield of cassava and yam using the ODE45 

numerical method 

x (old) x (new) EBL y(old) 𝑦(new) EBL 

2.0000 2.0000 0 3.0000 3.0000 0 

9.2204 10.1524 10.1078 9.2293 10.1577 10.0587 

9.2248 10.1551 10.0846 9.2248 10.1551 10.0845 

9.2247 10.1549 10.0837 9.2247 10.1549 10.0837 

9.2249 10.1550 10.0831 9.2249 10.1550 10.0831 

9.2248 10.1550 10.0829 9.2248 10.1550 10.0829 

9.2248 10.1551 10.0847 9.2248 10.1551 10.0847 

9.2248 10.1551 10.0838 9.2248 10.1551 10.0838 

9.2248 10.1552 10.0849 9.2248 10.1552 10.0849 

9.2248 10.1550 10.0840 9.2248 10.1550 10.0840 

9.2248 10.1550 10.0837 9.2248 10.1550 10.0837 

9.2248 10.1550 10.0834 9.2248 10.1550 10.0834 

9.2248 10.1550 10.0837 9.2248 10.1550 10.0837 

9.2248 10.1550 10.0839 9.2248 10.1550 10.0839 

9.2248 10.1550 10.0833 9.2248 10.1550 10.0833 

9.2248 10.1551 10.0847 9.2248 10.1551 10.0847 

9.2248 10.1551 10.0844 9.2248 10.1551 10.0844 
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9.2248 10.1551 10.0850 9.2248 10.1551 10.0850 

9.2248 10.1550 10.0838 9.2248 10.1550 10.0838 

 

Table 9: Quantifying the effect of decreasing 𝛼1 and 𝛼2 by 120% on the yield of cassava and yam using the ODE45 

numerical method 

x (old) x (new) EBL y(old) 𝑦(new) EBL 

2.0000 2.0000 0 3.0000 3.0000 0 

9.2204 11.0837 20.2083 9.2293 11.0868 20.1259 

9.2248 11.0853 20.1682 9.2248 11.0853 20.1681 

9.2247 11.0854 20.1698 9.2247 11.0854 20.1698 

9.2249 11.0853 20.1672 9.2249 11.0853 20.1672 

9.2248 11.0852 20.1674 9.2248 11.0852 20.1674 

9.2248 11.0853 20.1683 9.2248 11.0853 20.1683 

9.2248 11.0853 20.1676 9.2248 11.0853 20.1676 

9.2248 11.0854 20.1686 9.2248 11.0854 20.1686 

9.2248 11.0853 20.1682 9.2248 11.0853 20.1682 

9.2248 11.0852 20.1675 9.2248 11.0852 20.1675 

9.2248 11.0853 20.1677 9.2248 11.0853 20.1677 

9.2248 11.0853 20.1684 9.2248 11.0853 20.1684 

9.2248 11.0854 20.1688 9.2248 11.0854 20.1688 

9.2248 11.0853 20.1678 9.2248 11.0853 20.1678 

9.2248 11.0852 20.1680 9.2248 11.0852 20.1680 

9.2248 11.0853 20.1680 9.2248 11.0853 20.1680 

9.2248 11.0853 20.1680 9.2248 11.0853 20.1680 

9.2248 11.0853 20.1692 9.2248 11.0853 20.1692 

9.2248 11.0853 20.1680 9.2248 11.0853 20.1680 

 

3.3    Graphical Simulation on Biodiversity Loss and Gain  

 

Figure 1. Graphical Simulation on biodiversity scenario when 𝛼1 and 𝛼2 are varied together by 20% 
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Figure 2: Graphical simulation on biodiversity scenario when 𝛼1 and 𝛼2 are varied together by 30% 

 

Figure 3. Graphical simulation on biodiversity scenario when 𝛼1 and 𝛼2 are varied together by 50% 

 

Figure 4. Graphical simulation on biodiversity scenario when 𝛼1 and 𝛼2 are varied together by 70% 
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Figure 5. Graphical simulation on biodiversity scenario when 𝛼1 and 𝛼2 are varied together by 90% 

 

Figure 6. Graphical simulation on biodiversity scenario when 𝛼1 and 𝛼2 are varied together by 110% 

 

Figure 7. Graphical simulation on biodiversity scenario when 𝛼1 and 𝛼2 are varied together by 120% 
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Figure 8. G𝑥𝑦𝑧 (
𝛼1

𝛽1
,
𝛼2

𝛽2
, 1) is globally asymptotically stable 

 

 

 

https://doi.org/10.63561/jmns.v2i3.868


 

A Mathematical Model of Competition between Cassava and Yam 

111 Cite this article as:   
Abanum ,G. C., Iweobodo, D. C., Ogoegbulem ,O.,& Imoni, S. O. (2025).  A mathematical model of competition between 

cassava and yam. FNAS Journal of Mathematical Modeling and Numerical Simulation, 2(3), 96-112. 

https://doi.org/10.63561/jmns.v2i3.868 

 

 

 

 

 

 

 

 

 

Figure 9. G𝑥𝑦𝑧 (
𝛼1−𝜌

𝛽1
, 0, 1) is globally asymptotically stable. Yam is driven extinct. 

Discussion 

Table 1 to Table 5 shows the results of quantifying the effect of decreasing the growth rates of cassava and yam. We 

observed from the prediction that x (old) and y (old) remain the same because all the model parameters are fixed at 

100% while x (new) and y (new) varies due to the variation of the growth rates of cassava and yam.  

The biomass of cassava x (new) and y (new) when the growth rates are decreased from 5% to 99%   has lost biomass 

over that x (old) and yam y (new) when the growth rates are decreased from 5% to 99% has lost biomass over that of 

x (old) and y (old), that is, when all the model parameters are fixed at 100%. However, we have discussed from the 

results that x (new) and yam (new), which remain, due to the increase of the growth rates coefficients from 101% to 
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120%, are greater than each value of x (old) and yam (old), that is, the biomass of cassava and yam when growth rates 

are varied together is greater than the model parameter values are fixed at 100%. Also, we have established the 

conditions for stability, asymptotic stability, and its uniqueness.  

 

Conclusion 

In this study, a mathematical model was proposed to study the interaction between Cassava and Yam biomass, and 

Ecospheric assets using a system of non-linear ordinary differential equations. The study aim to quantify the effect of 

decreasing and increasing the growth rates of cassava and yam together and to check the pattern of biodiversity loss 

and biodiversity gain. The ordinary differential equation of order 45 (ODE45) was applied in this research. Though 

continuous biodiversity loss is as a result of decreasing the growth rate coefficients and other natural factors like the 

infertility of the soil, continuous cultivation is a major threat to our Cassava and Yam assets growth and socio-

economic development in Africa. These problems cannot be totally removed or eliminated, however, the administrator, 

stakeholder, and government need to take appropriate measures to minimize the effect of reducing the yield of these 

assets for the overall benefit of mankind. Some of these measures are suggested based on the results of this work:  

1. Socio-Economic policies that encourage biodiversity loss should be corrected to suit the growth of cassava and 

Yam asset.  

2. There should be an appropriate measure by the local communities and government at all levels to protect and 

also preserve the parameters that enhance the growth of Cassava and Yam production.  
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